Introduction
Inflammation is an important clinical risk factor for excessive scarring after glaucoma filtration surgery. Early onset postoperative failures (less than 6 months) have been reported to show a marked inflammatory response and excessive conjunctival scarring. 1 Glaucoma filtration surgery is not usually recommended until maximal medical treatment has been tried. However, it has been suggested that the prolonged topical treatment may have a prejudicial effect on the conjunctival cellular profile of some glaucoma patients, leading to an increased risk of excessive conjunctival scarring following glaucoma filtration surgery. 2 Mast cells have been implicated as the key effector cells in allergic inflammation and the development of abnormal conjunctival scarring in the allergic eye disease, vernal keratoconjunctivitis (VKC). 3 Mast cells have been studied in dermal wound healing; however, their role in conjunctival wound healing after trabeculectomy surgery has not been established.
The aim of this study was to investigate the potential role of mast cells in conjunctival wound healing in glaucoma patients. This was an exploratory study to establish whether there was a difference in the mast cell profile in glaucoma patients compared with a control group of patients who had never been medicated and with no history of allergic eye disease.
Materials and methods
This study was approved by the ethics committee of Moorfields Eye Hospital NHS Foundation Trust. Glaucoma and vitreoretinal patients about to undergo surgery were consented for a peroperative conjunctival biopsy. Glaucoma patients belonged to three groups: patients on glaucoma medical treatment about to undergo primary filtration surgery (M), uveitic glaucoma patients about to undergo primary filtration surgery (U), and glaucoma patients who had failed previous filtration surgery, that is, scarrers about to undergo repeat filtration surgery (S). The control group (C) was represented by vitreoretinal patients, who had never been medicated and were about to undergo retinal detachment surgery for the first time. Patients with a previous history of allergic eye disease were excluded.
Biopsy specimens were obtained from the superior bulbar conjunctiva at the conjunctival edge where the filtration surgery was being performed. A biopsy approximately 2-3 mm 2 was obtained, fixed in formaldehyde, and embedded in paraffin wax. Four micron thick sections were deparaffinised using xylene and then rehydrated using industrial methylated spirit. Antigen retrieval was performed by microwave, heating the sections in tris urea (pH9.5) at full power for 2.5 min, four times.
The Dako REAL TM Detection System (K5001 Dako) was used with a Dako automated immunostaining machine to stain the sections. This system is based on the labelled streptavidin-biotin method in a three-step procedure. The first step was incubation for 1 h with the primary antibody for mast cells (1:600 M7052 Dako) or for alpha smooth muscle actin (1 : 100 M0851 Dako). The second step was incubation for 35 min with Dako REAL TM Link, Biotinylated Secondary Antibodies (AB2 Dako), and the third step was incubation for 35 min with Dako REAL TM Streptavidin Peroxidase (HRP Dako). The reaction was visualised using the Dako REAL TM diaminobenzidine (DAB Dako) chromogen. Endogenous peroxidase was blocked with Dako REAL TM peroxidase blocking solution (S2023 Dako). The sections were counterstained with Mayer's haemalum (350604T BDH), and then mounted with DePeX (361254D BDH). The positive control tissue for the mast cell staining was tonsil and for alpha smooth-muscle actin staining was rhabdomyosarcoma. The first layer was omitted for the negative control.
The stained sections were photographed using a software programme, Analysis L D (Olympus Soft Imaging Solutions GmbH, Germany). Cell counts from two or three representative fields (depending on the size of the section) were chosen under Â 20 magnification, and the software enabled the surface area to be calculated. Statistical analysis was conducted to look for differences in the median cell count per unit surface area (mm 2 ) between the groups.
Results
The demographic details of the patients biopsied are summarised in Table 1 . The glaucoma patients were divided into three groups: medicated (M), uveitic (U), and scarred (S). The glaucoma patients were nearly all taking glaucoma medications. The control patients (group C) consisted of vitreoretinal patients undergoing retinal detachment surgery for the first time having never taken any eye drops. Patients belonging to different ethnic groups were in all groups except for the control group, which consisted of Caucasians only.
Mast cells were located in the conjunctival substantia propria and were not observed in the conjunctival epithelium. Tryptase staining was observed in two ways: intracellular staining before mast cell degranulation and granular and diffusely spread staining after mast cell degranulation ( Figure 1 ). The median total cell counts for the medicated (M), uveitic (U), scarred (S) glaucomas, and control (C) groups are shown in Table 2 (represented in Figure 2 ). The data were not normally distributed so the non-parametric Wilcoxon rank-sum test was used to evaluate for statistical differences. There was strong evidence that the total cell counts were significantly higher in all glaucoma groups compared with group C. There was no statistically significant difference in total cell number when comparing the glaucoma groups to each other.
The median mast cell counts for groups M, U, S, and C are shown in Table 2 and Figure 3 . The median mast cell count for group S compared with group C was significantly higher (P ¼ 0.0063). The median mast cell count was higher for groups M compared with group C; however, this was not statistically significant at the 0.05 level (P ¼ 0.07). The median mast cell count was higher for group U compared with group C, and again this difference was not statistically significant (P ¼ 0.165). In all the glaucoma groups, about half of the patients had a median mast cell tryptase (MCT) count more than 10 times greater than the control group median MCT count. There was no statistically significant difference in mast cell number when comparing the glaucoma groups to each other. Alpha smooth-muscle actin staining was only weakly positive in a few patients and was similar throughout all the groups (staining not shown).
We investigated any differences in the conjunctival cellular profile depending on ethnic grouping (Table 2) . If Caucasians from all groups (n ¼ 22, including the control group) were compared with Afro-Caribbean patients (n ¼ 8), the median total cell count was 1.00/mm 2 for the Caucasian population compared to 1.79/mm 2 for the Afro-Caribbean population. The median mast cell count was 0.089/mm 2 for the Caucasian population compared to 0.13/mm 2 for the Afro-Caribbean population. A two sample Wilcoxon rank-sum (Mann-Whitney) test indicated that there appeared to be significantly lower total cell and mast cell counts (P ¼ 0.01 and P ¼ 0.006, respectively).
However, if the Caucasian control patients were not included in the analysis, the median total cell count was 1.43/mm 2 for the Caucasian population (n ¼ 11) and 1.79/mm 2 for the Afro-Caribbean population (n ¼ 8). The median mast cell count was 0.092/mm 2 for the Caucasian population and 0.13/mm 2 for the Afro-Caribbean population. There was no significant difference in total cell counts (P ¼ 0.16) and mast cell counts (P ¼ 0.070) when comparing these ethnic groups.
Discussion
This study has shown that the cellularity of conjunctival tissue is increased in all glaucoma patients compared with control patients. It has also shown that MCT staining was significantly increased in glaucoma patients who have undergone previous filtration surgery. Although the median tryptase-positive mast cell counts 
The patient groups were M, U, S, and C. M ¼ medicated; U ¼ uveitic; S ¼ scarred; C ¼ control. Patients' ethnicity was documented as A ¼ Asians, C ¼ Caucasian, and A-C ¼ Afro-Caribbean. The topical drug history was taken at the time of biopsy and is marked þ , if the patient was taking a particular type of topical drug.
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Eye were higher in the uveitic glaucoma and medicated glaucoma patients, the difference was not statistically significant. Mast cells can be differentiated into MCT-only-positive cells and MCT and chymase (MCTC)-positive cells. 4 In the skin, the mast cell population has been reported to consist almost exclusively of MCT cells. Other investigators have previously reported the existence of mast cells in human conjunctivaFMcMillan et al 5 and Broadway et al 6 reported a higher mast cell count in Caucasians compared with Afro-Caribbean patients. Our study did not find any significant differences in total and mast cell counts between these ethnic groups when only glaucoma patients were analysed. However, when the control group (of Caucasians only) was included in the analysis, there were significantly greater total and mast cell counts in the Afro-Caribbean compared with the Caucasian population. The explanation for these findings could be that the taking of glaucoma eye drops (irrespective of ethnicity) increased the conjunctival cellular profile. We did not have a control group of AfroCaribbean patients, so we were unable to compare cell counts in unmedicated patients.
Mast cells may play an important role in wound healing as shown by Trautmann et al 7 who identified tryptase-positive mast cells in foci of lymphocytes and macrophages in serial biopsies taken from incisional wounds made in the skin of human volunteers. Cell numbers increased between days 4 and 10 reaching a maximum (five times the baseline) on day 10. Numbers were increased through recruitment and retention rather than proliferation.
The exact role of mast cells in wound healing is not yet clearly defined. In one study, almost 70% of tryptasepositive mast cells stained strongly for the interleukin-4, a cytokine that stimulated fibroblast proilferation. 8 However, another study suggested that mast cells might influence the inflammatory rather than the proliferative phase in skin wound healing by reporting that the wounded mast cell-deficient mice only showed a reduction in neutrophil recruitment. 9 Mast cells could have varying levels of importance in wound healing at different body sites. Beer et al 10 reported significantly more mast cells in periocular scars, although there was no difference in the number of tryptase-positive mast cells in surgical compared with hypertrophic and keloid scars.
Mast cells may play an important role in the fibrotic process of chronic allergic eye diseases such as VKC.
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Expression of basic fibroblast growth factor (bFGF) was reported in 46% of mast cells in VKC patients, and an in vitro study showed histamine increased conjunctival proliferation, migration and procollagen production. 12 Also, mast cells may play a role in the fibrogenic processes of pterygia, as mast cell numbers and expression of the bFGF were increased. Most glaucoma patients take eye drops to lower their intraocular pressures to try and prevent disease progression. Some patients require glaucoma surgery, if medical treatment does not achieve an adequately reduced target intraocular pressure or if the patient develops allergic reactions to the topical medications. However, several investigators have suggested that the prolonged medical treatment may prejudice the success of surgical treatment priming the conjunctival cellular population for an excessive response to surgical wounding. Prolonged medical treatment has been reported to stimulate increased conjunctival cell expression of the inflammatory cell marker HLA-DR. 14, 15 Sherwood et al 16 (using toluidine blue staining and cell morphology techniques) reported a significant increase in macrophages, lymphocytes, mast cells, and fibroblasts in the group of glaucoma patients who had received more than two types of drops for at least 1 year compared with glaucoma patients who underwent filtration surgery as a primary treatment. Broadway et al 17 reported that glaucoma patients who had received multiple topical treatments have a lower success rate after filtration surgery compared with those who undergo primary trabeculectomy. Our study agreed with earlier studies indicating an increase in total cell numbers associated with prolonged medical treatment in some glaucoma patients.
The failure of glaucoma surgery is associated with an excessive wound healing response. Hitchings and Grierson 1 reported a marked inflammatory response with early onset surgical failures (trabeculectomies less Increased mast cells in glaucoma conjunctival tissue L Chang et al than 6 months). In their study, the inflammatory infiltrate (identified morphologically with toluidine blue) appeared to consist of macrophages and lymphocytes. The advantage of our study was that by using a tryptasestaining antibody, we were able to specifically identify that mast cells made up a part of the increased cell population in glaucoma patients.
All patients (except one) in all the glaucoma groups were on glaucoma medications. Our study's findings suggested that patients undergoing repeat glaucoma surgery have increased mast cell numbers preoperatively, and this abnormal conjunctival cellularity could predispose to an excessive postoperative wound healing response. This histological difference may also explain why some uveitic and medicated glaucoma patients do badly after surgery. Statistical significance was not reached for groups U and MFthe reasons for this may be that the study consisted of small numbers for each group, varying glaucoma medication regimes and differing ethnicities.
The control group was the only group consisting of Caucasian patients only. All the glaucoma groups contained diverse ethnicities. Our study did not find any differences in conjunctival total and mast cell counts when Caucasian glaucoma patients were compared with Afro-Caribbean glaucoma patients. The numbers of AfroCaribbean patients were modest, and the study would have to be considerably larger to address this issue completely. Another possible explanation for the increase in mast cell numbers in the scarred group (group S) compared with the other glaucoma groups may be that the postoperative conjunctiva of glaucoma patients contained an altered cell population, and the reintroduction of medical treatment further changed the conjunctival population. Our study did not find any evidence of tissue remodelling as demonstrated by the lack of alpha smooth-muscle actin staining (staining not shown). This marker indicated the presence of differentiated myofibroblasts during the remodelling stage of wound healing. It may be that the predisposing process consisted of priming the conjunctiva with inflammatory cells rather than the cells that make scar tissue.
We can improve the success of glaucoma surgery by further understanding the preoperative conjunctival environment of our glaucoma patients. The preoperative modification of important conjunctival factors that increase the risk of postoperative scarring might play an important role in optimising our glaucoma patients' preoperative preparation for surgery. Our study showed that MCT staining was significantly increased in glaucoma patients who had undergone previous filtration surgery. If this relationship proves to be significant as far as wound healing is concerned, this increase could be potentially modifiable as antimast cell drugs are already available. The next stage of this project would be to further evaluate any other significant mast cell mediators in conjunctival scarring and to develop a practical, preoperative clinical test for evaluating the mast cell profile of glaucoma patients.
